system-level processes, patient safety) is more limited and sporadic. 3, 8, 9 A significant challenge to establishing this relationship is that the determinants of system-level outcomes are multiple, complex, and at times unknown. Variability in team training practices and assessment methods also limits our ability to definitively link simulation efforts with healthcare outcomes. 3 Although specific components of team training have been recommended, 1 , team training is not a homogenous entity. There is substantial variability in quality, content, and format across trainings, as well as in the metrics used to evaluate the impact of training. 10 We propose that variability in training practices is in part due to gaps in knowledge regarding the relationship between team training and team effectiveness. The objective of this work is to expand the content domain of team effectiveness and identify potential constructs from the team science literature that would be appropriate targets for simulation-based training and assessment. We also discuss a translational science approach to simulation-based team training that will facilitate a better understanding of the links between team training, team effectiveness, patient care, and system-level outcomes. The overarching goal is to identify future directions for leveraging simulation to improve health care systems via effective EM teams.
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DEFINING THE TEAM
Emergency medicine teams are considered action teams, defined as a team of experts that function under dynamic, uncertain, and time-pressured conditions (Table 1) . 11 In addition, EM teams are ad hoc, with variability in team composition and variability in team member familiarity. Team composition changes from shift to shift, and even from patient to patient.
While ED staff may develop general familiarity with their colleagues over time, there is always some variability due to staffing changes, consultants, and medical trainees. This team typology is important to remember when designing training. Simulation-based team training in EM should focus on developing skills pertinent to ad hoc and unfamiliar teams.
Position: Simulation-based team training in EM must be geared towards training individuals
to perform effectively in any team, rather than attempting to train intact teams to perform more effectively.
TABLE 1 HERE THE ABCs OF TEAM EFFECTIVENESS
Team effectiveness encompasses a broad domain of topics which, outside of healthcare, have been organized into the "ABCs" of affect, behavior, and cognition (Table 1) . 17 Team affect reflects processes and outcomes related to the interpersonal relations, motivational tendencies, values, beliefs, and perceptions among team members, such as team cohesion, psychological safety, and team efficacy. Team behavior includes commonly recognized teamwork processes related to evaluation and planning, monitoring and coordination, and communication. 30 Team cognition represents the processes, structures, and capabilities that enable team members to acquire, crystallize, distribute, store, and retrieve knowledge critical for effective team performance. It includes situational awareness, team mental models and transactive memory. 62 All three components must be considered when trying to optimize team effectiveness. 63 Team behaviors, or teamwork, have received the most attention in healthcare team training with a strong foundation of supporting research, 10, 16, 64, 65 and thus were not the focus of the consensus process. Instead, this section will explore the less commonly addressed
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This article is protected by copyright. All rights reserved. Although research using existing tools has provided an entry point to the study of healthcare team affect, there are several limitations and knowledge gaps that must be addressed. First, most "team" affect measures capture individual data and are then aggregated to the team level. While this may be appropriate for a given assessment, it is important to specify level of analysis when designing, implementing, analyzing, and interpreting data from team-level measures. 85 Additionally, most studies rely on self-report and do not attempt to correlate or triangulate findings with more objective measures, such as an observable change in behavior. These limitations are not exclusive to research in healthcare teams, but rather
Team Cognition
A team's ability to efficiently acquire, share, and interpret information, and the knowledge of where resources can be found within the team, allows members to anticipate and execute actions as a coherent unit rather than as separate individuals. These processes, and their resultant outcomes, represent team cognition. Team cognition is a critical component of team effectiveness. 62 We focus on three distinct but related conceptualizations of team cognition: situational awareness, team mental models, and transactive memory systems. Each of these facets emerges as team members gather and exchange information from the environment and other individuals while engaged in task-relevant activities. 34, 35 The extent to which these processes result in shared and accurate cognitive representations of the needs, goals, and status of a team and its tasks is indicative of the quality of team cognition.
Research outside of healthcare suggests that the processes and outcomes relevant to team cognition are amenable to change through targeted interventions, such as leader briefing and team-interaction training, 86 cross-training, 87 , guided self-correction 88 , and the provision of real-time guidance directing teams towards effective information gathering and sharing
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ADVANCED TEAM PROCESSES
Team affect, behavior, and cognition support team effectiveness and are the building blocks for more complex phenomena that are critical to EM teams. As noted above, teams within EM are often variable in composition and complex in structure. Furthermore, these teams must function under dynamic and unpredictable conditions. This requires advanced team processes, including team adaptation, leadership, and the ability to function within a multiteam system (MTS). Team adaptation involves routine teamwork behaviors, such as monitoring and
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developing foundational adaptive skillsets. 114, 115 The provision and nature of feedback systems to improve adaptation have also been identified as critical leverage points. Specifically, research has identified the importance of feedback that directs learners to "project forwards" rather than "reflect backwards," interpret and anticipate errors as inevitable yet manageable, and provide support for the affective and cognitive dissonance that arise when applying knowledge to solve new problems.
116-119
The degree of control over the environment and feedback mechanisms makes simulation-based training an ideal platform for studying and developing training protocols that target team adaptability and adaptation. 113 what must teams adapt in order to facilitate the development of guidance to effectively manage these different circumstances. 109 Second, concerted efforts to assess both the outcomes and processes of team adaptation before, during, and after simulation-based training will be needed. Team adaptability and adaptation are multifaceted concepts that dynamically affect and are affected by many of the team ABCs previously discussed. As a result, attempts to improve adaptive expertise will benefit most from assessment techniques capable of measuring aspects of team affect, behavior, and cognition before, during, and after team activity. More encompassing assessment strategies will not only enable researchers and trainers to identify potential bottlenecks in a team's adaptive capacities, but also better understand where and how specific training interventions influence team function.
Position: Simulation-based training targeting team adaptation should incorporate measures
and feedback specific to both process and outcome.
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Team Leadership
The patient safety literature demonstrates the importance of team leadership skills in reducing errors and improving patient outcomes, especially in acute care settings. 3, 120 Additionally, team leadership has become a topic of interest across the spectrum of medical education. The EM residency milestones include sub-competency in Team Management, which includes some team leadership skills. 121, 122 Resuscitation guidelines for licensed providers, such as Advanced Cardiac Life Support, include team leadership components. 123 Historically, healthcare providers were expected to function as effective team leaders with minimal training.
This gap in training was identified during the 2008 Academic Emergency Medicine Consensus
Conference on The Science of Simulation in Healthcare. 124 Through that consensus process, team leadership training and assessment were identified as research priorities in EM.
Although team leadership has received more attention over the past decade, training and assessment practices remain inconsistent. To optimize team performance via improved team leadership, the leadership construct itself needs to be better understood. A systematic review of team leadership training in healthcare revealed that leadership training is frequently implemented as a component of broader teamwork training, and training efforts rarely cite a specific team leadership model as the foundation for the educational content. 125 Likewise, the assessment of team leadership competencies continues to be challenging. Most published team leadership assessment tools in healthcare are not systematically developed and tested, resulting in threats to validity. 126, 127 As with leadership training, assessment tools include leadership components as part of a broader teamwork assessment, rather than focusing on leadership specifically. Assessment instruments are quite variable in structure, and include checklists, global-rating scales with or without behavioral or frequency anchors, and frequency of leadership utterances as their structure.
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This inconsistency in the approach to training and assessing leadership is, in part, due to the lack of a commonly accepted taxonomy of leadership behaviors. One proposed categorization of team leadership behaviors involves dividing behaviors into task-focused leadership, person-focused leadership, and task interdependence. 128 A second approach applies leadership behaviors to an existing taxonomy of teamwork behaviors. 30 This taxonomy contains three main categories: transition processes (e.g., mission analysis, goal specification, strategy formulation, and reflection), action processes (e.g., monitoring progress towards goals, systems monitoring and adaptation, coaching/backup, and coordination), and interpersonal skills (e.g., conflict management and effective communication). These models serve as a starting point for understanding team leadership, but further work is required to ensure a comprehensive and specific taxonomy for EM team leadership behaviors.
Position: A commonly accepted taxonomy of EM team leadership behaviors is needed to guide the development of leadership training and the assessment of leadership skills.
Building on the team leadership theory of dynamic delegation presented by Klein, et al.,
we argue that team leadership in EM is contingent and functional. 15 Team leadership can influence all aspects of team effectiveness, including team affect, team processes, and team cognition ( Figure 1) . In a time-pressured situation with an unfamiliar team, for example, a leader may foster psychological safety by explicitly seeking input, optimize team processes by setting clear priorities, and promote situational awareness by "talking aloud." The importance of team leadership, and specific ways in which effective team leadership can improve team performance, have been identified in various sections throughout this manuscript (e.g., team affect, team adaptability, MTS). While we focus on "the" team leader, it is important to note that team leadership is often shared. 15 Any member of the team can exhibit leadership behaviors, and team leadership training does not need to be limited to providers historically identified as the team leader (e.g., physicians). In situations of shared leadership, it is important to remember that leadership should not be shared simultaneously, but rather through an explicit hand-off of leadership between individuals. Focusing on leadership behaviors can overcome some of the challenges of team training in EM, by training individuals to improve all
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aspects of team performance regardless of patient factors, task work, and team composition.
Position: Simulation-based team leadership training in EM should focus on developing skills
that allow leaders to rapidly develop team affective, behavioral, and cognitive processes in ad hoc teams.
Multiteam Systems
A multiteam system (MTS) occurs when "two or more teams work directly and interdependently … toward the accomplishment of collective goals." 59 EM teams frequently function as part of a MTS (e.g., a pregnant trauma patient with multiple consulting teams).
Research involving team training in healthcare simulation has predominantly focused on within, or intra-, team performance, with limited exploration of MTSs and inter-team collaboration.
Interprofessional education (IPE) has become an important topic in team and simulation-based training, but the focus of IPE often includes multiple professions (e.g., RN, MD, RT) as members within the same team, rather than interdisciplinary education involving multiple teams. Outside of health care, studies have shown that inter-team performance is more important than intrateam performance in determining the overall performance of the MTS. 129 Although research on MTSs is still in its infancy, a number of key MTS attributes have been identified that may help guide efforts to develop simulation-based training targets relevant to improving MTSs in healthcare settings.
The developmental attribute of a MTS describes how the MTS is created and how it evolves over time. MTSs can be planned in advance or occur emergently to meet a need, and 
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leadership (i.e., members of the team mutually leading each other towards a common goal) has been shown to improve inter-team performance during simulated in-flight emergencies. 133, 134 As with leadership, communication can also be shared through a decentralized communication structure that allows teams to directly communicate with each other. In simulated Air Force exercises, decentralized communication networks were associated with improved MTS performance. 135, 136 Shared leadership and decentralized communication may also improve MTS performance within emergency healthcare teams, however more work is needed to explore this concept.
Position: Research efforts should explore processes that impact inter-team performance within multiteam systems. Simulation provides a viable platform to conduct this research.
ASSESSING SIMULATION-BASED TEAM TRAINING
Simulation is a common platform for team-based training. 10 Unfortunately, inconsistency in reporting outcomes and in defining effectiveness has made it difficult to transform simulation-based training efforts into improved health outcomes and care
provision. [137] [138] [139] The biomedical sciences have encountered similar challenges, and experts have proposed a three-phase roadmap of translational research (the "3T's") to facilitate the transition from basic science to patient care. 140 In this translational science model, the T1 phase moves basic bench discoveries toward clinical studies, the T2 phase then produces evidence of clinical effectiveness for individual patients, and the T3 phase addresses health care delivery and preventative strategies that improve the health of populations and society. 141 Recently, the simulation research community has been tasked with using an analogous translational science model to demonstrate distal results related to improved patient outcomes. 
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At the final level, T3 science evaluates the effect of an intervention on patient-level outcomes, such as decreased procedural complication rates, improved patient function, or decreased mortality. 143 While simulation research strives to demonstrate that training interventions result in provider competence and improved patient outcomes, T1 level studies are the most common form of published work. More effort is needed to understand and incorporate assessment measures for T2 and T3 level outcomes in order to reach this goal of improving patient care.
There are many challenges to conducting studies involving T2 and T3 level outcomes.
One key issue is that measuring and capturing clinical data can be difficult and requires significant resources and funding to successfully demonstrate direct results from an educational intervention. 3 Novel approaches to consolidating clinical and research data into large databases, similar to the "big data" used in other fields (e.g., retail sales, search engines, and astronomy), has great potential to address this barrier. 144 Use of large data sets can facilitate detection of improvements in patient outcomes through simulation-based team training efforts across multiple institutions. Further downstream effects of team training, or so-called "T4"
outcomes, may include reduced health care costs, 145 or impact on other trainees. Although team training should strive to affect T2 (behaviors in the clinical setting) and T3 (patient outcomes), it is also important to understand the mechanism by which these outcomes occur. Demonstrating T2 and T3 level changes often require large-scale interventions, over long periods of time, and with many confounding variables. Simulationbased assessments provide information on team performance that can identify which variables are important for analysis at T2 and T3 levels, and can help link an intervention, such as team training, to these higher-level outcomes. For example, simulation has been used to discover deficiencies in team performance such as delays in initiation of CPR and poor coordination, 147 and delays in initiation of resuscitation guidelines. 148 In situ simulation has also emerged as a platform to identify latent systems-based safety threats, 149 non-technical skills required for team function, 150 team performance ratings, 151 and response to trauma care or disasters.
152,153
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This application of simulation is critical to identifying elements of team performance that need to be targeted. For training interventions with T2 or T3 level outcomes, a T1 simulation-based assessment can provide insight into why the intervention was, or was not, successful and thus can help inform future curricula development and modifications.
Position: Simulation-based assessments serve an important role in establishing and understanding the relationship between team training and higher-level outcomes.
SUMMARY
Healthcare systems rely on effective teams. Simulation has been promoted as a platform for training and assessing team performance, however the complexity of healthcare teams has challenged these efforts. Overcoming this obstacle requires understanding the nature of EM teams and the many dimension of team effectiveness. This work explores the foundation of team effectiveness, focusing on team affect and team cognition. In addition, we discuss several advanced team processes that build on these fundamentals. Throughout this overview we highlight the role of simulation-based training in targeting these constructs and identify resources from the team science literature that can help inform future training and research efforts in healthcare teams. Continued collaboration between educators and researchers from EM and the team sciences is critical to advancing this work. Finally, we emphasize the importance of using a translational science approach to evaluating simulation-based team training to further elucidate the relationship between training and systems level outcomes. 
Action teams
Teams of experts functioning under dynamic, uncertain, and time-pressured conditions. May have consistent ("stable") or variable ("ad hoc", "dynamic", or "unstable") composition. 
Team cohesion
Individuals' psychological perceptions of attraction to a group (interpersonal cohesion), task commitment (task cohesion), and pride in a group that motivates team to remain together. 
Team behaviors (processes)
The commonly recognized teamwork processes related to evaluation, planning, monitoring, coordination, and communication. 
Team cognition
The organized processes, structures, and capabilities that enable and support team members' abilities to acquire, crystallize, distribute, store, and retrieve knowledge critical for effective team performance. 
